Abstract: Pore structure-controlled silica gels were obtained by calcination (600 C , 1 h in air) of silica/poly (ethyene glycol) (PEG) (50/50 ovt%) composites. The molecular weight (MW) of PEG used ranged from 200 to 70000. Nitrogen adsorption isotherms of silica gels were measured at -196 C, and the pore characteristics were evaluated. When the MW of PEG was 2000, the values of the specific surface area and average pore diameter showed a maximum and a minimum of 1174 m2/g and 1.33 nm, respectively. These results were explained based on the dispersion model for PEG in the composites before calcination. It was assumed that in the MW region below 2000, PEG molecules were associated while PEG molecular chains were entangled with each other in the MW re gion above 2000. PEG molecules having MW close to 2000 were supposed to be dispersed monomolecularly, and the pore structure of silica gels obtained reflected the structure of the composites.
Introduction
It is known that the composites of an organic com pound of low heat-stability and an inorganic polymer such as silica or alumina are obtained in a sol-gel process which is able to synthesize ceramics at low tempera tures (1) . One of the applications of the composites using water-soluble polymers as organic compounds is the pre paration of porous materials by removing the organic polymer in the composites.
The pore structure control of porous materials is very important for the material design such as adsorbents, separation membranes, catalysts and so on. Nakanishi et al. controlled the structure of silica/water-soluble pol ymer composites utilizing the competitions between polymerization and phase separation in the mixed solu tion, and silica gels prepared had controlled pore sizes ranging from nanometers to micrometers after solvent ex traction of the organic polymer (2-4). Sato et al. control led the pore size distribution of silica gels by calcination of the composites of silica/charge-free water-soluble pol ymers, polymer electrolytes or proteins (5) . Uo et al. con trolled the pore sizes by calcination of silica/poly (ethylene glycol) (PEG) composites having various com position ratios (6) .
In this study, we tried to control the pore structure of silica gels, obtained by calcination of silica/water-soluble polymer composites, by changing the molecular weight (MW) of the polymer. PEG was used as a water-soluble polymer because it is able to obtain polymer samples having various MW. Yazawa et al. prepared silica /zirconium oxide microporous materials by calcination of silica/zirconium oxide/PEG composites, and found that there was no relationship between the MW of PEG and the pore size (7). However, it was observed that pore sizes of silica gels prepared in the present study were in fluenced by the MW of PEG. with stirring near at OC . PEG was added to the silica sol (dry weight ratio, silica:PEG = 50:50), and the mixture was warmed for aging in a water bath at 50 C for 2 h to prepare silica/PEG blended aqueous viscous sol.
The blended sol was cast and dried in a polystyrene Pet ri dish at 40C without the aging process to prepare a wet gel. A silica gel prepared by this method without adding PEG was a non-porous material.
Apparatus and Procedures
The composites were calcined at 600 C in air for pre scribed periods using an electric furnace.
The nitrogen adsorption isotherms (-196 C) for sili ca gels were measured by a BET volumetric apparatus.
The pore volume was determined from the amount of nit rogen adsorption which was obtained by extrapolation to unity of relative pressure (about 98 kPa). The specific surface area (S) and the average pore diameter (d) which was calculated assuming a cylindrical pore shape were obtained from the adsorption isotherms applying the full BET equation (8) .
To characterize the pore structure, the water adsorp tion was measured at 20 C using a quartz spring ba lance. The results shown in Fig. 4 and Table 1 Water adsorption measurements are also useful for the 
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Nitrogen Adsorbability of Silica Gel
Conclusion
The pore structure of silica gel obtained by calcination of silica/PEG (50/50 wt%) composite was controlled by MW of PEG. Silica gel obtained had a large specific sur face area and showed a microporous structure.
In the case of PEG of MW 2000, the surface area and average pore diameter showed maximum and minimum values, re spectively. To explain this, we considered that PEG mole cules in the composites will be associated and entangled with each other in the lower and higher MW regions, re spectively, while PEG of MW 2000 will be dispersed homogeneously in the composites.
